Introduction
There are available results of electron microscopic studies as. regards the oral mucosa by such researchers as Sognnaes and Albright (1956, 1958) (1962) and Arai (1961 Arai ( , 1962 . But all of them fail to give a description of the epithelium of the tongue, and only Rhodin and R e i t h give a brief mention of the tongue epithelium in their study on keratinization.
The epithelium of the tongue is a stratified squamous epithelium by reason of being covered by the oral mucosa but we find keratinization on its dorsal portion and this epithelium has a special structure in that it forms numerous papillae.
As a result of detailed study by Rhodin and R e i t h, the mechanism of the formation of keratin is regarded as being due to RNP particles (ribonucleoprotein particles) which surround keratohyalin granules. Kubota et al. explained, on the basis of their optic microscopic data, that the genesis of keratohyalin granules which are closely bound up with keratinization might derive from the nucleolus. Although a. recent study by Brody (1959) referred to the relationship between keratinization and keratohyalin granules, he omitted reference to their origin.
In the present study, the authors have conducted an electron microscopic investigation into the lingual epithelium of rats and obtained the findings that indicate mitochondriae to be intimately related to the formation of these keratohyalin granules. Together with these findings, reference is also made to the main features of epithelial cells and the structure of contact surface between them which have been hitherto undescribed.
Materials and Methods
The normal adult rats were decapitated and the epitheliums of the rat tongue were rapidly removed into cold fixative. The specimens were cut into small pieces 2-3 mms large in size and fixed in 2 per cent osmium tetroxide buffered at pH 7.4 with phosphate buffer for 1 hour in a refrigerator, and in 3 per cent potassium permanganate for 2 hours at room temperature. After fixation and washing, they were dehydrated in alcohol and embedded in a mixture of styrene and n-butyl methacrylate resins and an epoxy resin " Epok 533 " according to the method of Kushida (1961 Kushida ( , 1963 .
Thin sections were cut with glass knives on a Porter-Blum microtome, and examined in a JEM-T6 electron microscope without -staining.
Findings
The epithelium of the tongue is a stratified squamous epithelium which undergoes cornification.
As the epithelium on the dorsum of tongue produces a numerous quantity of papillae, it possesses a .special construction in texture. Papillae on the apex of the rat tongue show, in nearly all of them, a construction corresponding to that of filiform papillae and their tips are found in the state of severe cornification.
For the convenience of our observations, the epithelium is here to be divided into three layers : basal, intermediate and peripheral
layer.
Basal layer of the epithelium : A layer of cells which fill the spaces between papillae made by lamina propria constitutes what is known as basal layer of the epithelium and the basal cells which are arranged in a single layer in the deepest part appear to be columnar under the optical microscope, containing one or two round nuclei in the center. Mitosis and amitosis are frequently noted. Electron density of the basal cells is comparatively large (Fig.  1 ) and within their cytoplasm there are formed the so-called cell .organelles and one finds endoplasmic reticulum , mitochondriae and Golgi materials numerously. The majority of mitochondriae are either round or oval in shape, the size being relatively large (0.9-12 p) . They are never uniform in their size and there are occasionally found sizes of extremely great dimensions. Cristae that are found inside clearly are short of length and contain matrix to a large extent. Mitochondriae are often distorted or appear as if they were split in the middle. Endoplasmic reticulum is rough-surfaced one and is in the majority of cases canalicular and fills the cytoplasm.
The portion approaching nuclei enables one to observe the lamellar structure of Golgi materials and the construction of organelles in these basal cells can be clearly seen when they are fixed by means of KMnO4 (Fig. 3) . Nuclei of the basal cells are often noticed to have the recessions of •nuclear membranes and thus their outline is generally irregular.
A deep recession of nuclear membranes seems to indicate amitosis.
Nuceoli, which are from 2 to 5 in number, are scattered within the nuclear substance but they frequently exist close to the nuclear membrane.
Two or three layers of cells occupying the outer portion of the basal layer are irregular in shape and their electron density is smaller than that of the basal cells. Although mitochondriae of a fairly large number can be found in the cytoplasm of these cells, they are 0.7-0.8p in size and cristae are vague enough.
Here one can hardly find rough-surfaced endoplasmic reticuluni and cytoplasm is filled with delicate filament structures ( Fig. 2 ). There are intercellular spaces of about 0.5p between the epithelial cells in these layers but plasma membranes are in contact with one another at a regular interval, and here the three-layered construction with increased electron density, i. e. desmosome, is being recognized.
In an intercellular space between the basal cells there are protruded many microvilli from the plasma membrane which are in the state of interdigitation.
There is observed no image where two cells are directly linked with each other.
The construction of this kind of cellular contact appears more vividly when fixed by means of liMnO, (Fig. 4 ). There are also found regular intercellular spaces between the cells in layers higher than the basal cells but here one finds no microvilli and the cells are linked through far more desmosomes at a certain interval.
The contact surface between the basal cells and the lamina propria mucosae appears to be fairly smooth, and between the basal cells and basement membrane no space is found, but sometimes desmosomes are observed (Fig. 1 ). There is a frequent infiltration of leukocytes into the intercellular spaces in this layer. 431 Intermediate layer of the epithelium :
Cells in the intermediate layer have a lower electron density as compared with those in the basal layer and are possessed of t shape somewhat oppressed vertically (Fig. 5 ). These epithelial cells become more flattened according as they approach the outer surface. Relatively large in size, the nuclei are generally round but since the nuclear membrane is sinuous in the complicated manner, the outline is quite irregular.
Nucleoli are usually one or two, being generally located in the center of nuclei.
Within the cytoplasm are found few mitochondriae and keratohyalin granules, the former of which are smaller than those found in the basal layer being pyknotic with a large electron density and the so-called cristae are vague and reticular structure can be detected.
On the other hand, keratohyalin granules are under the optical microscope acidophilic and have a strong light inflection.
According as they approach the outer surface, these keratohyalin granules increase in quantity to a marked extent and the stainability becomes basophilic. Being anywhere from 0.1 to 1.0p in size under the electron microscope, they can be rendered to yield a large electron density by the fixation of 0s04 and are found to be vacuolar when fixed by means of KAIn04. the lower portion of this layer, the number of keratohyalin granules is much reduced and mitochondriae are found in more numerous state.
In In proportion to the degree that these spaces grandually disappear, more sinuous contact surfaces and desmosomes are observed.
This fact of large sinuosity on the part of cells can be accounted for by the assumption that they like to bring about an intimate bondage by enlarging their contact surface.
Those of cells which are completely keratinized show a surface of mere contact which may be taken as a preliminary stage to change into desquamated cells. The desquamaton of keratinized cells also serves a protective mechanism against the external stimuli.
Generally speaking, feature of the stratified squamous epithelium under optical microscope is that contact surface is observed as a very distinct linear construction. This is due to the fact that the contact surface of epithelial cells, which has under th3 electron microscope a width and sinuosity, will appear under thl optical microscope to be a single line.
The desmosomes are considered to be a universal construction which shows the conjunction of cells of epithelial origin but their genesis is yet to be determined. One of the inferences is that the desmosomes are made by the combination of Ca with lipoid constituting the plasma membrane but no histo-chemical investigation has been made. Although these desmosomes are frequently combined with keratin-filaments, no fibre construction is discernible which connects the adjacent cells. Throughout the epithelial layers, the formation of organelles is only observed in the basal layer and Golgi materials, mitochondriae and roughsurfaced endoplasmic reticulum are regarded as being involved in the formational mechanism of keratinized cells. For instance, from changes in their construction and distribution, it is inferred that mitochondriae may participate in the formation of keratohyalin granules. Mitochondriae found in the epithelial cells on the dorsum of the tongue take on a sudden decrease in Dumber from the intermediate layer upward and their inner structure changes increasing in electron density. In these types of cells one can predict the appearance of keratohyalin granules. These cells which show their nuclear membranes to have caved in under the electron microscope may be in amitosis. The rough-surfaced endoplasmic reticulum is not prominent in these cells. The cells that participate in the formation of the filiform papilla contain large keratohyalin granules (KE). T core of papilla contains a keratinized cell ; Nu, nucleus. Fig. 14. Cross section of the filiform papilla fixed in KMnO4.
Nu, nucleus ; KE, keratohyalin granules ; Ic, intercellular contact. Fig. 15 . The cytoplasm of the basal cell fixed in KMnO4. M, mitochondria ; Er, roughsurfaced endoplasmic reticulum. Fig. 16 . Longitudinally sectioned keratin-fibriles (Ker) of keratinized cells fixed in KMnO4. The fibriles are arranged parallel.
